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(54) Abstract Title: Expanding a tubular member 

(57) An apparatus, comprising: a first tubular member 
(170); and a second tubular member (155) coupled 
to the first tubular member; a mandrel (145) within 
the second tubular member; a pressurized region 
(175) within the second tubular member above the 
mandrel; and a mechanism adapted for displacing 
the mandrel with respect to the second tubular 
rnember; wherein the first tubular member includes 
a defective portion, and wherein the second tubular 
member is positioned in opposing relation to the 
defective portion. 

The first tubular member may be a wellbore casing 
and the second tubular member may be suspended 
in situ to repair the defect in the wellbore casing. 
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EXPANDING A TUBULAR MEMBER 
Cross Reference To Related Applications 

The present application claims the benefit of the filing date of U.S. provisional 
patent application serial no. 6(V183,546, attorney docket no. 25791.10, filed on 
2/1 8/2000. the disdosure of which is inqorporated herein by reference;. 

This appitcatipn is a continuation-in-part of U.S. Serial No. 09/559,122. attorriey 
docket number 25791.23.02. filed on 4/26/2000. which claimed the benefit of the filing 
date of U.S. provisional patent applicatbn serial number 60/131,106, filed on 
4/26/1999. which was a continuattoh-in-part of U.S. patent applicatton serial number 
09/523,460. attorney docket number 25791.11.02, filed on 3/10/ 2000, which claimed 
the benefit of the filing date of U.S. provisional patent application serial no. 60/124.042, 
filed on 3/11/1999, which was a continuation-in-part of U.S. patent applicatkm serial 
number 09/510.913, attorney docket number 25791.7.02, which claimed the benefit of 
the filing date of U;S. provisional patent application serial number 60/121,702. filed on 
2/25/1999, which was a cohtinuatk>n-in-part of U.S. paterit application serial number 
09/502.350, attorney docket number 25791.8.02. filed on 2/10/2000, which claimed the 
benefit of the filing date of U.S. provisional patent application serial number 
60/119,611, attorney docket number 25791.8, filed on 2/11/1999, which was a 
continuation-in-part of U.S. patent application serial number 09/454,139. attorney 
docket number 25791.3.02. filed on 12/3/1999. which dairhed the benefit of the filing 
date of U.S. provistonal patent application serial number 60/111,293, filed on 
12/7/1998. 

The present application is related to the following U.S. patent applications:* (1) 

utility patent application number , attorney docket number 25791.9.02, 

filed on 11-16-1999, which claimed the benefit of the filing date of provisional patent 
application number 60/108.558, attorney docket number 25791 .9,.filed on 11-16-1998; 

(2) utility patent application number __, attorney docket number 25791.3.02, 

filed on 12-3-1999, which claimed the benefit of the filing date of provisional patent 
application number 60/111.293, attorney docket number 25791.3. filed on 12-7-1998; 

(3) utility patent application number _, attorriey docket number 

25791.8.02. filed on 2-10^2000. which claimed the benefit of the filing date of 
provistonai patent application number 60/119,611, attorney docket number 25791.8. 
filed on 2-11-1999; (4) provisional patent application numbeir 60/121,702, attorney 
docket number 25791.7, filed on 2-25-1999; (5) prbvlstonal patent application number 
60/121,841, attorney docket number 25791.12. filed on 2-26-1999; (6) provisional 



patent application number 60/121.907, attorney docket number 25791.16. filed on 2- 
26-1 999; (7) provisional patent application number 60/1 24.042. attorney docket number 
25791.11. filed oh 3-11-1999; (8) provisional patent applicatton number 60/131.106. 
attorney docket number 25791 .23, filed on 4-26-1 999; (9) provisional patent application 
5 number 60/137.998. attorney docket number 25791.17. filed on 6-7-1999; (10) 
provisional patent application number 60/143.039. attorney docket number 25791.26, 
filed on 7-9-1999; (11) provistonal patent application number 60/146,203, attomey 
docket number 25791.25, filed on 7-29-1999; (12) provisional patent application 

number attomey docket number 25791.29. filed on 9-16-1999; (13) 

10 provistonal patent appRcatton nuniber attomey docket number 

25791.34. filed on 10-12-1999; (14) provlslondl patent applicatkm number 
attomey docket number 25791.36. filed on 10-12-1999; (13) proviskmal patent 
applicatkm number 60/159.033, attomey docket number 25791.37, filed on 10-12- 

1999; (15) provisional patent application number ' attorney docket 

15 number 25791 .27, filed on 11-01-1 999. 

Appltoants incorporate by refermce the disctosures of these appUcations. 

Background of the Invention 
This invention relates generally to wellbore casings, and in particular to welibore 
casings that are formed using expandable tubing. . 
20 . Conventionally, when a wellbore is created, a number of casings are installed in 

the borehole to prevent coHapse of the borehole wall and to prevent undesired outflow 
of drilling fluid into the formation or inflow of flukJ from the formation into tiie borehole. 
The borehole is drilled in intervals whereby a casing which is to be install^ in a lower 
borehole interval is lowered tiirough a pre\^ously installed casing of an upper borehole 
25 interval. As a consequence of this procedure tiie casing of the bwer interval is of 
smaller diameter than tiie casing of the upper interval. Thus, tiie casings are in a 
nested anangement with casing diameters decreasing in downward direction. Cement 
annull are provided between the outer surfaces of tiie casings and tiie borehole vt^all to 
seal tiie casings from the borehole wall. As a consequence of this nested arrangement 
30 a relatively large borehole diameter is required at tiie upper part of the wellbore. Such 
a large borehole diameter involves increased costs due to heavy casing handling 
equipment, large drill bits and Increased volumes of drilling fluid and drill cuttings. 
Moreover, increased drilling rig time is involved due to required cement pumping, 
cement hardening, required equipment changes due to large variations in hole 
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diameters drilled In the course of the well, and the large volume of cuttings drilled and 
removed. 

Conventionally, at the surface end of the wellbore, a wellhead is fonped that 
typically includes a surbce casing, a number of productton and/or drilling spools, 
valving, and a Christmas tree. Typically the wellhead further includes a concentric 
arrangernent of casings Including a production casing and one or more intennedlate 
casings. The casings are typically supported using load bearing slips positioned above 
the ground. The conventional design and constniction of wellheads is expensive and 
complex. 

Conventionally, a wellbore casing cannot be formed during the drilling of a 
weitbore. Typically, the wellbore is drilled and then a wellbore casing is formed in the 
newly drilled section of the wellbore. This delays ttie completion of a well. 

The present invention is directed to overcoming one or more of the limitations of 
the existing procedures for forming wellbores and wellheads; 

Summary 

According to another embodiment of the present invention, a method of 
expanding a tubular member is provided that includes placing a mandrel wtthin tiie 
tubular member, pressurizing an annular region wittiin flie tubular member above the 
mandrel, and displacing ttie mandrel vi/itfi respect to the tubular member. 

According to another embodiment of the present invention, an apparatus for 
radially expanding a tubular niember is provided thiat includes a first tubular number, a 
second tubular member positioned within the first tubular member, a third tubular 
member nrovabiy coupled to and positioned within the second tubular member, a first 
annular sealing member for sealing an interface between the first and second tubular 
members, a second annular sealing member for sealing an interface between the 
second and third tubular members, and a mandrel positioned witiiin the first tubular 
member and coupled to an end of the third tubular member. 

According to another embodiment of the present invention, an apparatus is 
provided that includes a tubular member, a piston adapted to expand the diameter of 
the tubular membcfr positioned within the tubular member, and an annular chamber 
defined by Uie piston and tubular member. The pistori includes a passage for 
conveying fluids out of the tubular member. 

According to another embodiment of tiie present inventton, an apparatus is 
provided ttiat includes a preexisting structure and a tubular member coupled to the 
preexisting stnicture. The tubular member is coupled to the preexisting structure by 



the process of: positioning the tubular member in an overlapping relationship to the 
preexisting structure, placing a mandrel within the tubular member, pressurizing an 
annular region within the tubular member above the mandrel, and displacing the 
mandrel with respect to the tubular member. 
5 Aooording to another embodiment of the present invention, a m^od of 

expanding a tubular member is provided that Includes preforming the tubular member 
to include a first portion, a second portion, and a third portion, placing a mandrel within 
the second portion of the tubular member, pressurizing a region within the tubulair 
member and displacing the mandrel with respect to the tubular member. The Inside 
10 diameter of the second portion of the tubular member Is greater than the hside 
dtanieters of the first and third portions of the tubular member 

According to another embodiment of the present invention, an apparatus for 
radiaMy expanding a tubular member is provided that Includes a first tubular member, a 
second tubular member coupled to the first tubular nnember, a third tubular member 
15 coupled to the second tubular member, and a mandrel positioned, within the second 
tubular nnember and coupled to an end portion of the third tubular member. The inside 
diameter of the second tubular member is greater than the inside diameters of the first 
and third tubular members. 

According to another embodiment of the present invention, an apparatus is 
20 provided that includes a tubular member having first, second, and third portions, a 
piston adapted to expand ttie diameter of the tubular member positioned within the 
second portion of the tubular member, tfie piston including a passage for conveying 
fluids out of the tubular member. The inside diameter of tiie second portion of tiie 
tubular member is greater than tiie inside diameters of tiie first and third portions of tiie 
25 tubular member. 

According to another embodiment of the present invention, an apparatus is 
provided that includes a preexisting structure and a tubular member coupled to ttie 
preexisting structure. The tubular member is coupled to the preexisting structure by 
the process of: preforming the tubular member to include first, second, and third 
,30 portions, positioning the tubular member in an overlapping relationship to the 
preexisting structure; placing a mandrel within the second portion of the tubular 
member; pressurizing an interior region wittiin flie tubular member, and displacing the 
mandrel with respect to the tubular member. The inside dianneter of the second portion 
of the tubular member Is greater than the inside diameters of the first and Hiird portions 
35 of the tubular member. 
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The present embodiments of the invention provide methods and apparatus for 
forming and/or repairing wellbore casings, pipelines, and/or structural supports by 
radially expanding tubular members. In this manner, the formation and repair of 
wellbore casings, pipelines* and structural supports is improved. 
5 Brief Description of the Drawings 

FIG. 1a is a fragmentary crpss*section illustratton of an embodiment of an 
apparatus and method for expanding tubular merhbers. 

FIG. lb is another fifagmentary cross-sectional illustration of the apparatus of 
FIG. la. 

10 FIG. 1c is another fragmentary cross-secHmal illustration of the apparatus of 

FIG. la. 

FIG. 2d is a fragmentary cross-section illustration of an embodiment of an 
apparatus and method for e}q[>anding tut>ular nr^nrrit}ers. 

FIG. 2b is another fragmentary cross-sectional illustratbn of the apparatus of 
15 FIG. 2a. 

FIG. 2c is another fragmentary cross*sectional illustration of the apparatus of 
FIG. 2a. 

FIG. 2d is another fragmentary cross-sectiondl illustratidn of the apparatus of 
FIG. 2a. 

20 FIG. 2e is another fragmentary cross-sectional illustration of the apparatus of 

FIG. 2a. 

Detailed Description of the Illustrative Ehibpdiments 
Refem'ng now to FIGS, la, lb and 1c, an apparatus 100 for expanding a 
tubular member will be described. In a prefenrisd embodiment, the apparatus 100 
25 includes a support member 105, a packer 1 10, a first fluid conduit 1 15, an annular fluid 
passage 120, fluid inlets 125, an annular seal 130, a second fluid conduit 135, a fluid 
passage 140, a mandrel 145, a mandrel launcher 150, a tubular member 155, slips 
160, and seals 165. in a preferred embodiment, the apparatus 100 is used to radially 
expand the tubular member 155. In tMs manner, the apparatus 100 may be used to 
30 form a wellbore casing, line a wellbore xasing, form a pipeline, line a pipeline, form a 
structural support member, or repair a wellbore casing, pipeline or structural support 
member. In a preferred embodiment, the apparatus 100 is used to dad at least a 
portion of the tubular member 1 55 onto a preexisting tubular member. 

The support member 105 is preferably coupled to the packer 110 and the 
35 mandrel launcher 150. The support member 105 preferably is a tubular member 
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fabricated lixwi any number of conventional commercially available materials such as. 
for example, oilfield country tubular goods, low alloy steel, carbon steel, or stainless 
steel. The support member 105 is preferably selected to fit through a preexisting 
sec^tlon of weUbore casing 170. In this manner, the appeiratus 100 may be positioned 
5 within the welibore casing 170. in a preferred embodiment, the support mernber 105 Is 
releasably coupled to the mandrel launcher 150. in this manner, the support member 
105 may be decoupled from the mandrel launcher 150 upon the completion of an 
extrusion operation. 

The padcer 110 is coupled to the support member 105 and the first fluid conduit 
10 115. The padcer 110 preferably provides a fluid seal between the outside surface of 
the first fluid conduit 115 and the inside sur^ of the support member 105. In this 
manner, the padcer 110 preferably seals off and. In corr^ation with the support 
member 105, first fluid conduit 115, second fluid ainduit 135, and mandrel 145, defines 
an annular chamber 175. The padcer 110 may be any number cjf conventional 
15 oommerdally available packiMs modified In acoonJance with the teachings of the 
present disdosure. In a preferred embodiment^ the packer 110 is an RTTS padcer 
available from Halliburton Energy Services In order to optimally provide high load and 
pressure containment capacity while also allowing the padcer to be set and unset 
multiple times without having to pull ttie packer out of the weUbore. 
20 The first fluid conduit 115 is coupled to the padcer 110 and the annular seal 

130. The first fluid conduit 115 preferably is an annular member fabricated from any 
number of conventional commerdally available materials such as, for example, oilfield 
country tubular goods, low alloy steel, carbon steel, or stainless steel. In a preferred 
embodiment, the first fluid conduit 115 indudes one or more fluid Inlets 125 for 
25 conveying fluldic materials from the annular fluid passage 120 Into the chamber 175. 

The annular fluid passage 120 is defined by and positioned between the interior 
surface cf the first fluid conduit 115 and the interior surface of the Second fluid conduit 
135. The annular fliild passage 120 is preferably adapted to convey fluidic materials 
such as cement, water, epoxy, lubricants, and slag mix at operating pressures and flow 
30 rates ranging from about 0 to 3,000 gallons/minute and 0 to 9.000 psi in order to 
optimally provide flow rates and operational pressures for the radial expansion process. 

The fluid iniets 1 25 are positioned in an end portion of the first fluid conduit 1 1 5. 
The fluid inlets 125 preferatjly are adapted to convey fluidic materials such as cement, 
water. ep(»cy, lubricants, and slag mix at operating pressures and flow rates ranging 
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from about 0 to 9.000 psi and 0 to 3,000 gallons/minute in order to optimally provide 
flow rates and operational pressures for the radial expanston process. 

The annular seal 130 Is coupled to the first fluid conduit 1 15 and the second 
fluid conduit 135. The annular seal 130 preferably provides a fluid seiat between the 
5 interior surface of the first fluid conduit 1 1 5 and the exterior surface of the second fluid 
conduit 135. The annular seal 130 preferably provides a fluid seal between the interior 
surface of the first fluid conduit 1 1 5 and the exterior surface of the second fluid conduit 
135 during reldtrve axial motion of the first fluid conduit 115 and the second fluid 
conduit 135. The annular seal 130 may be any number of conventional commercially 
1 0 available seals such as. for example, Owigs. polypak seals, or metal spring energized 
seals. In a preferred embodiment, the annular seal 130 is a polypalc seal available 
from Paricer Seals. 

The second fluid conduit 135 is coupied to the annular seal 130 and the 
mandrel 145. The second fluid conduit preferably is a tubular member fabricated from 
15 any number of conventional commercially avaulable materials such as, for example, 
coiled tubing, oilfield country tubular goods, low alloy steel, stainless steel, or low 
cartx>r) steel. In a prefen^d embodiment, the second fluid conduit 135 is adapted to 
convey fluidic materials such as cement, water, epoxy, lubricants, and slag mix at 
operating pressures and flow rates ranging from about 0 to 9.000 psi and 0 to 3,000 

20 gallons/minute in order to optimally provide flow rates and operational pressures for the 
radial expansion process. 

The fluid passage 140 is coupled to the second fluid conduit 135 and the 
mandrel 145» in a preferred embodiment, the fluid passage 140 is adapted to convey 
fluidic materials such as cement, water, epoxy, lubricants, and slag mix at operating 

25 pressures and flow rates ranging from alxDut 0 to 9,000 psi and 0 to 3,000 
gallons/minute in order to optimally ptovide flow rates and operational pressures for the 
radial expar)sion process. 

The mandrel 145 is coupled to the second fluid conduit 135 and the mandrel 
launcher 150. The mandrel 145 preferably are an annular member having a conic 

30 secttoh fabricated from any number of conventional commerclaily available materials 
such as, for example, machine tool steel, ceramics, tungsten carbide, titanium or other 
high strengtii alloys. In a preferred embodiment, the angle of the conic section of the 
mandrel 145 ranges from about 0 to 30 degrees in order to optimally expand the 
mandrel launcher 150 and tubular member 155 in the radial direction. In a prefenned 

35 embodiment, ttie surface of the conic section ranges from about 58 to 62 Rockwell C in 
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order to optimally provide high yield strength. In a preferred eml)odlment, the 
expansion cone 145 is heat treated in order to optimally provide a hard outer surface 
and a resilient Interior body in order to optimally provide abrasion resistance and 
fracture toughness. In an alternative embodiment, the mandrel 145 is expandible in 
order to further optimally augment the radial e)qpanston process. 

The mandrel launcher 150 is coupled to the support member 105, the mandrel 
145. and the tubular member 155. The mandrel launcher 150 preferably are a tubular 
menriber having a variable cross-section and a reduced wall thidcness In order to 
facilitate the radial expansion prooesis. In a prefsnred embodiment the cross-secttonal 
area of the mandrel launcher 150 at one end is adapted to mate with the mandrel 145, 
and at the other end, the cross-sedlonal area of the mandrel teuncher 150 is adapted 
to match the cross-sectional area of the tubular member 155. In a preferred 
embodiment, the wall thickness of the mandrel launcher 150 ranges from about 50 to 
100 % of the wall thickness of the tubular member 155 in order to fadlitete the Initlatfon 
of the radial expansion process. 

The mandrel launcher 150 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield country tobular goods, 
low allow steel, stainless steel, or carbon steel. In a prefened embodiment, the 
mandrel launcher 150 is fabricated from oilfield country tubular goods having higher 
strength but lower w^ll thickness than the tubular member 155 in order to optimally 
match the burst strength of the tubular member 155. In a prefen^d embodiment, the 
mandrel launcher 150 is removably coupled to the tubular member 155. In this 
manner, the mandrel launcher 150 may be removed from the wellbore 180 upon the 
completion of an extrusion operation. 

In an alternative embodiment, the support member 105 and the mandrel 
launcher 150 are Integrally fomned. In this alternative embodiment, the support 
member 105 preferably temilnates above the top of the packer 110. In this alternative 
embodiment, the fluid conduits 115 and/or 135 provide structural support for the 
apparatus 100, using the packer 1 10 to couple together the elements of the apparatus 
100. In this alternative embodiment, In a preferred embodiment, during the radial 
expanston process, the packer 1 10 may be unset and reset after the slips 160 have 
anchored the tubular member 155 to the prevfous casing 170, within the tobuter 
meml)er 155, between radial expansion operations. In this manner, the packer 110 is 
moved downhde and the apparatus 100 is re-stroked. 
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The tubular member 155 is coupled to the mandrel launcher, the slips 160 and 
the seals 165. The tubular member 1 55 preferably is a tubular member fabricated from 
any number of conventional commercially available materials such as» for example, low 
altoy steel, carbon steel, stainless steel, or oilfield country tubular goods. In a preferred 
5 embodiment, the tubular member 1 55 is fabricated from oilfleid country tubular goods. 

The slips 160 are coupled to the outside surface of the tubular member 155. 
The slips 160 preferably are adapted to couple to the Interior walls of a casing, pipeline 
or other stnicture upon the radial expansbn of the tubular member 155. in mis 
manner, the slips 160 provide structural support for the expanded tubular member 155. 

10 The sBps 160 may be any nunnber of oonventioriai conrvnerdally available slips such 
as, for example, RTTS packer tungsten carbide slips, RTTS packer wicker type 
mechanical slips or Model 3L retrievable bridge plug tungsten carbide upper 
mechanical slips. In a preferred embodiment, the slips 160 are RTTS packer tungsten 
carbide mechanical slips available from Halliburton Energy Services. In a preferred 

IS embodlrmnt, the slips 160 are adapted to support axial forces ranging from about 0 to 
750,000ibf. 

The seals 165 are coupled to the outside surface of the tubular member 155. 
The seals 165 preferably provide a fiuidic seal between the outside surface of the 
expanded tubular member 155 and the interior walls of a casing, pipeline or other 

20 structure upon the radial expansion of the tubular member 155. In this manner, the 
seals 165 provide a fiuidic seal for the expanded tubular member 155. The seals 165 
may be any number of conventional commercially available seals such as, for example, 
nitrlle rubber, lead, Aflas rubber. Teflon, epoxy, or other elastomers. In a preferred 
embodiment, the seals 165 are rubber seals available from numerous commerdal 

25 vendors In order to optimally provide pressure sealing and load bearing capacity. 

During operation of the apparatus 100, the apparatus 100 is preferably bwered 
into a weltbore 180 having a preexisting sectfon of wellbore casing 170. In a prefenred 
embodiment, the apparatus 100 is posittoned with at least a portion of the tubular 
member 155 overiappihg witti a portion of tiie wellbore casing 170. In Oils manner, tiie 

30 radial expansion of the tubular member 155 will preferably cause the outside surface of 
the expanded tubular member 155 to couple witti the inside surface of ttie wellbore 
casing 170. in a preferred embodiment, ttie radial expansion of the tubular member 
155 will also cause ttie slips 160 and seals 165 to engage wWi ttie interior surface of 
ttie wellbore casing 170. Inttiismanner.ttieexpanded tubular member 155 is provided 
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wfth enhanced structural support by the slips 160 and an enhanced fluid seal by the 
seals 165. 

As Hlustrated in FIG. lb, after placement of the apparatus 100 In an overlapping 
relaiionsh^ with the wellbore casing 170, a fluidic material 185 is preferably pumped 
5 Into the chamber 175 Using the fluid passage 120 and the inlet passages 125. In a 
preliBrred embodiment, the fluldic matsrial is pumped into the chamber 175 at operating 
pressures and flow rates rariging from about 0 to 9,000 psi and 0 to 3.000 
gallqns/minute In order to optimally provide flow rates and (^rational pressures lor the 
radial expansion process, the pumped fluldic materlal 185 increase the operating 
10 pressure, within the chamber 175. The increased operating pressure in the chamber 
175 then causes the mandrel 145 to extrude the mandrel launcher 150 and tubular 
member 155 off of the face of the mandrel 145. The «(trusion of the mandrel launcher 
150 and tubular member 155 off of the face of the mandrel 145 causes the mandrel 
launcher 150 and tubular member 155 to expand in the radial direction. Continued 
15 pumping of the fluidic material 185 preferably causes the entire length of the tubular 
member 155 to expand in the radial direction. 

In a preferred embodiment, the pumping rate and pressure of the fluidic 
material 185 is reduced during the latter stages of the extrusion process in order to 
minimize shocl< to the apparatus 100. In a preferred embodiment, the apparatus 100 
20 includes shock abisorbera for absorbing the shodc caused by the completion of the 
extrusion process. ' 

In a prefen-ed embodintent. the extrusion process causes the mandrel 145 to 
mcwe in an axial direction 185. During the axial movement of the mandrel, in a 
preferred embodiment, the fluid passage 140 conveys fluidic nraterial 190 displaced by 
25 the moving mandrel 145 out of the wellbore 180. In this manner, the operational 
effldency and speed of the extrusion process is enhanced. 

In a preferred embodiment, the extrusion process includes the injection of a 
hardenable fluldic rhaterial Into the annular region between the tubular member 155 
and the bore hole 180. In this manner, a hardened sealing layer is provided between 
30 the expanded tubular member 155 and the interior walls of the wellbore 180. 

As illustrated In FIG. 1 c, In a preferred embodiment, upon the completion of the 
extrusion process, the support member 105. packer 110, first fluid conduit 115. annular 
seal 130, second fluM conduit 135, marxirel 145, and mandrel launcher 150 are moved 
from the wellbore 180. 



10 



in an alternative embodiment, the apparatus 100 is used to repair a preexisting 
welltxra casing or pipeline. In this altemative embiodirnent, t)oth ends of the tubular 
member 155 preferably include slips 160 and seals 165. 

In an altemative embcxiintent, the apparatus 100 Is used to form a tubular 
stmctural support for a building or ofishore structure.. 

Refem'ng now to FIGS. 2a. 2b, 2c, 2d, and 2e, an apparatus 200 for expanding 
a tubular member will be described. In a preferred embodiment, ttie apparatus 200 
includes a support member 205, a mandrel launcher 210, a mandrel 215, a first fluid 
passage 220. a tubular member 225, sflps 230. seals 235. a shoe 240, and a second 
fluid passage 245. In a preferred embodiment, the apparatus 200 is used to radially 
expand the mandrel launcher 210 and tubular member 225. In ttiis manner, the 
apparatus 200 may be used to fom a wellbore casing, line a wellbore casing, fomn a 
pipeline, line a pipeline, fomi a stmctural support member, or repair a wellbore casing, 
pipeline or stmctural support member. In a prefened embodiment, the apparatus 200 
is used to dad at least a portion of the tubular member 225 onto a preexisting stmctural 
member. 

the support member 205 is preferably coupled to tiie mandrel launcher 210. 
The support member 205 preferably is a tubular member fabricated from any number 
of conventional commercially available materials such as, for example, oilfield country 
tubular goods, tow alloy steel, carbon steel, or stainless steel. The support member 
205, the mandrel launcher 210, the tubular member 225. and the shoe 240 are 
preferably selected to fit ttirough a preexisting section of wellbore casing 250. In this 
manner, the apparatus 200 may be positioned within ttie wellbore casing 270. In a 
preferred embodiment, ttie support member 205 is releasably coupled to the mandrel 
launcher 210. In this manner, the support member 205 may be decoupled from ttie 
mandrel launcher 210 upon the completion of an extmslon operation. 

The mandrel launcher 210 is coupled to ihe support member 205 and ttie 
tubular member 225. The mandrel launcher 210 preferably are a tubular member 
having a variable crt)ss-section and a reduced wall ttiickness In order to fadlitate ttie 
radial expansion process. In a preferred embodiment, tfie cross-sectional area of ttie 
mandrel launcher 210 at one end is adapted to mate witti ttie mandrel 215, and at ttie 
ottier end, ttie cross-sectional area of the mandrel launcher 210 is adapted to match 
ttie cross-sectional area of ttie tubular nriember 225. ' In a preferred embodiment, ttie 
wall ttiidcness of the mandrel launcher 210 ranges from about 50 to 100 % . of the wall 
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thickness of the tubular member 225 In order to facHK^te the initiation of the radial 
expansion process. 

The mandrel launcher 210 may be febricated from any number of conventional 
commercially available materials such as, for example, oilfield country tubular goods, 
low allow steel, stainless steel, or carbon steel In a preferred embodiment, the 
mandrel launcher 210 is fabricated from oilfield country tubular goods having higher 
strength but lower wall thickness than the tubular member 225 in order to optimally 
match the burst strength of the tubular member 225. In a prefened embodirhent, the 
mandrel launcher 210 is removably coupled to the tubular member 225. In this 
manner, the mandrel launcher 210 may be removed from the weiibore 260 upon the 
compietton of an extrusion operation. 

The mandrel 215 Is coupled to the mandrel launcher 210. The mandrel 215 
preferably are an annular mertiber having a conic secUon fabricated from any number 
of conventional comnr>erclally Available materials such as, for ^mple, machine tool 
steel, ceramics, tungsten carbide, tttanium or other high strength alloys. In a prefened 
embodiment, the angle of the conic section of the mandrel 215 ranges from about 0 to 
30 degrees in order to optimally expand the mandrel launcher 210 and the tubular 
member 225 in ttie radial direction. In a preferred embodiment, the surface of the conic 
section ranges from about 58 to 62 Rockwell C in order to optimally provide high yield 
strength. In a preferred embodinnent, Uie expansion cone 215 is heat treated in order 
to optimally provide a hard outer surface and a resilient interior body in order to 
optimally provide abrasion resistance and fracture toughness. In an alternative 
embodiment, the mandrel 215 is expendible in order to furttier optimally augment ttie 
radial expansion process. 

The fluid passage 220 is positioned witiiin the mandrel 215. The fluid passage 
220 is preferably adapted to convey fluidic materials such as cement, water, epoxy, 
lubricants, and slag mix at operating pressures and flow rates ranging from about 0 to 
9,000 psi and 0 to 3,000 gallons/minutis in order to optimally provkJe flow rates and 
operational pressures for the radial expansion process. The fluid passage 220 
preferably includes an inlet 265 adapted to receive a plug, or other similar device. In 
thfe manner, the interior chamber 270 above the mandrel 215 may be fluididy isolated 
from the interior chamber 275 below the mandrel 215. 

The tubular nr^ember 225 is coupled to the mandrel launcher 210, the slips 230 
and the seals 235. The tubular member 225 preferably is a tubular member fabricated 
from any number of oonventfenal commercially available materials such as, for 
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example, low alloy steel, carbon steel, stainless steel, or oilfield country tubular goods, 
in a prefened embodiment, the tubular member 225 Is fabricated from oilfield country 
tubular goods. 

The slips 230 are cxnjpled to the outside surface of the tubular member 225. 
5 The slips 230 prefenibly are adapted to couple to the interior walls of a casing, pipeline 
or other structure upon the radial expansion of the tubular member 225. In this 
manner, the slips 230 provide structural support for the expanded tubular member 225. 
The slips 230 may be any number of convehtional commercially available slips such 
as. for example. RTTS packer tungsten carbide mechanical slips, RTTS packer wicker 
type mechantoal slips, or Model 3L retrievable bridge plug tungsten carbide upper 
mechanical slips. In a preferred embodiment, the slips 230 are adapted to support 
axial forces ranging from about 0 to 750,000 Ibf. 

The seals 235 are coupled to the outskJe surface of the tubular member 225. 
The seals 235 preferably provide a flukJIc seal between the outside surface of the 
expanded tubular member 225 and the interior walls of a casing, pipeline or other 
structure upon the radial expansion of the tubular member 225! In this manner, the 
seals 235 provide a fluidic seat for the expanded tubular member 225. The seals 235 
may be any number of conventfonal commercially available seals such as, for example, 
nitrile mbber, lead, Aflas rubber, Teflon, epoxy or other elastomers. In a preferred 
embodiment, the seals 235 are conventional rubber seals available from various 
commercial vendors in order to optimally provide pressure sealing and toad bearing 
capacity. 

The shoe 240 is coupled to the tubular member 225. The shoe 240 preferably 
is a substantially tubular member having a fluid passage 245 for conveying fluidic 
materials from the chamber 275 to the annular region 270 outside of the apparatus 
200. The shoe 240 may be any number of conventional commercially available shoes 
such as, for example, a Super Seal li float shoe, a Super Seal II Down-Jet float shoe, 
or a guide shoe with a sealing sleeve for a latch down plug modified in accordance yvith 
the teachings of the present disctosure. In a preferred embodiment, the shoe 240 is an 
aluminum down^et guide shoe with a sealing sleeve for a latch down plug, available 
from Halliburton Energy Services, modified in acoondance with the teachings of the 
present disclosure, in order to optimally gukle the tubular member 225 in the wellbore. 
optimally provMe a fluidic seal between the interior and exterior diameters of the 
overiapping joint between the tubular members, and optimally facilitate the complete 
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driffing out of the shoe and plug upon the completion of the cementing and radial 
expansion operations. 

During operation ctf the apparatus 200. the apparatus 200 is preferably lowered 
into a wellbore 260 having a preexisting section of wellbore casing 275. In a prefen^ 
5 emlKKjiment the apparatus 20O is positioned with at least a portion of the tubular 
nmnber 225 overlapping with a |k)rtion of the wellbore casing 275. In this manner, the 
radial expansion of the tubular member 225 wHI preferably cause the outside surface of 
the expanded tubular member 225 to opuple with the inside surfece of the welibora 
casing 275. In a preferred embodiment, the radial expansion of the tubular member 
10 225 will also cause the slips 230 and seals 235 to engage with the interior surface of 
the wellbore casing 275. In this manner, the expanded tubular member 225 is provided 
with enhanced structural support by the slips 230 and an enhanced fluid seal by the 
seals 235. 

As illustrated in FIG. 2b, after placement of the apparatus 200 in an overlapping 
15 relationship with the wellbore casing 275. a fluidic material 280 is preferably pumped 
Into the chamber 270. The fluidic material 280 then passes through the fluid passage 
220 into the chamber 275. The fluidic material 280 then passes out of the chamber 
275, trough the fluid passage 245, and into the annular region 270. In a prefenBd 
embodiment, the fluidic material 280 is pumped into the chamber 270 at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute in order ta optimally provide flow rates and operational pressures for the 
radial e)cpansion process. In a prefen^d embodiment, the fluidic nrraterial 280 is a 
hardenable fluidic sealing material in order to form a hardened outer annular member 
around the expanded tubular member 225. 

As illustrated in FIG. 2c, at some later point in the process, a ball 285, plug or 
other similar device, is Introduced into the pumped fluidic material 280. In a preferred 
embodiment, the ball 285 mates with and seals off the inlet 265 of the fluid passage 
220. In this manner, the chamber 270 is fluididy isolated from the chamber 275. 

As illustrated in FIG. 2d. aifter placement of the ball 285 in the inlet 265 of the 
fluxJ passage 220. a fluidic material 290 is pumped into the chamber 270. The fluidic 
material is preferably pumped Into the chamber 270 at operating pressures and flow 
rates ranging from about 0 to 9,000 ps) and 0 to 3,000 gallonsAninute in order to 
provide optimal operating efflciiBncy. The fluidic material 290 may be any number of 
conventional commercially available materials such as, for example, water, drilling 
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mud, cement, epoxy, or slag mix. In a prefenrad embodiment the fluidic miateriat 290 Is 
a non-hardenable fluidic material in order to maximize operational efficiency. 

Continued pumping of the fluidic material 290 increases fluidic material 280 
increases, the operating pr^ure within the chamber 270. The increased operating 
pressure in the chamber 270 then causes the mandrel 215 to extrude the mandrel 
launcher 210 and tubular member 225 off of the conical face of the mandrel 215. The 
extrusion of the mandrel launcher 210 and tubular member 225 off of the conical face 
of the mandrel 215 causes the niandrel launcher 210 and tubular rnember 225 to 
expand in the radial direction. Continued pumping of thei fluidic material 290 preferably 
causes the entire length of the tubular member 225 to expand in the radial direction. 

In a preferred embodiment, the pumping rate and pressure of the fluidic 
material 290 is reduced during the latter stages of the extrusbn process In order to 
minimize shodc to the apparatus 200. In a preferred embodiment, the apparatus 200 
includes shock absorit>ers for absorbing the shock caused by the completion of the 
extrgsbn process. In a preferred embodiment, the extrusion process causes the 
mandrel 215 to move in an ^xial direction 295. 

As illustrated in FIG. 26, in a preferred embodinf)ent; upon the completbn of the 
extrusion process, the support member 205, packer 210. first fluid conduit 215, annular 
seal 230, second fluid conduit 235, mandrel 245, and mandrel launcher 250 are 
removed from the wellbore 280, In a preferred embodiment, the resulting new section 
of wellbore casing includes the preexisting wellbore casing 275, the expanded tubular 
member 225, the slips 230. the seals 235, the shoe 240, and an outer annular layer 
4000 of hardened fluidic material. 

In an altemative embodiment the apparatus 200 is used to repair a preexisting 
wellbore casing or pipeline, in this altemative embodiment both ends of the tubular 
member 255 preferably include slips 260 and seals 265. 

In an altemative embodiment the apparatus 200 is used to form a tubular 
structural support for a building or offshore structure. 

In a prefenred embodiment, the tubular members 105 and 225; shoes 240; 
expansion cone launchers 150 and 210; and expansion cones 145 and 215 are 
provMed substantially as described in one or more of the following U.S. patent 

applicattons: (1) utility patent application number , attomey docket 

number 25791.9.02, filed on 11-16-1999, which claimed the benefit of the filing date of 
provisional patent application number 60/108,558, attomey docket number 25791.9, 
filed on 1 1-16-1998; (2) utility patent application number , attorney docket 
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number 25791.3.02. filed on 12-3-1999. which claimed the benefit of the filing date of 
provisional patent application number 60/111,293, attorney docket number 25791.3. 

filed on 12-7-1998; (3) utility patent application number , _, attorney docket 

number 25791.8.02, filed on 2-10-2000. which claimed the benefit of the filing date of 
5 provistonal patent Qpplication number 60/119,611, attorney docket number 25791.8. 
filed on 2-11-1999; (4) provisional patent applteatton number 60/121.702, attorney 
docket number 25791.7, filed on 2-25-1999; (5) proviskmal patent applkation number 
60/121.841. attorney docket number 25791.12, filed oa 2-26-1999; (6) provistonal 
patent application number 60/121.907, attorney docket number 25791.16, filed on 2- 
26-1999; (7) provisional patent appiicatkm number 60/124,042, attorney docket number 
25791.11. filed on 3-11-1999; (8) provistonal patent appltoatlon number 60/131.106, 
attomey docket number 25791.23. filed on 4-26-1999; (9) provistonal patent appHcatton 
number 60/137.998* attomey docket number 25791.17. filed on 6-7-1999; (10) 
provistonal patent appHcatton number 60/143.039. attomey docket number 25791.26. 
filed on 7-9-1999; (11) provisional patent application number 60/146,203, attomey 
docket number 25791.25. filed on 7-29-1999; (12) provisional patent application 

"^m^r _, attorney docket number 25791.29. fited on 9-16-1999; (13) 

provistonal patent appilcatiori number , attomey docket, number 

25791.34, fited on 10-12-1999; (14) provisional patent appiicatfon number 
attomey docl<et number 25791.36, filed on 10-12-1999; (13) provisional patent 
application number 60/159.033, attomey docket number 25791.37. filed on 10-12- 

1999; (15) provistonal patent appltoatlon number , attorney docket 

number 25791.27. fited on 11-01-1999. Applicants incorporate by reference the 
disctosures of these applicattons. 

ANhough iliustrattve embodiments of the Invention have been shown and 
described, a wMe range of modification, changes and substitutton is contemplated in 
ttie foregoing disclosure. In some instances, some features; of the present invention 
may be employed without a conespondii^ use of the ottw features. Aooordingly, H is 
appropriate that ttie appended claims be cpristmed broadly and in a manner consistent 
Witt) Uie scope of ttie toventton. 
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Claims 

1. An apparatus, comprising: 
a {First tubularnriember; and 

a second tubular member coupled to the first tubular member; 
5 a mandrel within the second tubular member; 

a pressurized region within the'second tubular member above the mandrel; and 
a mechanism adapted for displacing the mandrel with respect to the second 
tubular member; 

wherein the first tubular member includes a defective portion, and wherein the 
1 0 second tubular member is positioned in opposing relation to the defective portfon. 
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1- A method of coupling a tubular member to a preexisting structure, 
comprising: 

positioning the tubular member in an overlapping relationship to the preexisting 
stoicture; 

5 placing a mandrel within the tubular member, 

pressurizing an annular region within the tubular member above the mandrel; and 
displacing the mandrel with respect to the tubular member. 

2. The method of daiml. further comprising: 
10 removing fluids within the tubular memt>er that are displaced by the displacement 

of the mandrel. 

3. The method of daim 2, wherein the removed fluids pass inside the annular 
region. 

IS ■ • 

4. The method of daim 1 , wherein the volume of the annular region increases. 

5. The method of daim 1 . further induding sealing off the annular region. 

20 6. The nr^ethod of daim 5. wherein sealing off the annular region indudes sealing a 
stationary member and sealing a non-stationary member. 

7. The method of daim 1 , further induding conveying fluids in opposite directions. 

25 8. The method of daim 1 , further including conveying a pressurized fluid and a non- 
pressurized fluid in opposite diredions. 

9. The method of claim 1, wherein the pressurizing is provided at operating 
pressures ranging from about 0 to 9,000 psi. 

30 

10. The method of daim 1 , wherein the pressurizing is provided at flow rates ranging 
from about 0 to 3,000 gallons/minute. 

11. An apparatus for radially expanding a tubular member, comprising: 
35 a first tubular member 
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